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Introduction   
   
Biomaterials by definition are inorganic compounds that are designed to replace a 
part or a function of the human body in a safe, reliable, economic, and physiologically 
and aesthetically acceptable manner (Hench and Ethridge, 1982)
[1]
. One of the 
important properties of biomaterials is their so-called biocompatibility
[2]
.  
 
BIOCERAMICS 
 
The class of ceramics used for repair and replacement of diseased and damaged parts 
of musculoskeletal systems are termed bioceramics. In numerous applications, a 
bioceramic may be in contact with hard tissues at one portion of the surface, such as 
the root of the tooth implant, and also be in contact with soft tissues, such as the 
gingival tissues, in the same implant site. The attachment of prosthetic implant 
materials is also an important application of bioceramics
.[3,4]
 
 
ZIRCONIA  
 
Zircon has been known as a gem from ancient times. The name of the metal, 
zirconium, comes from the Arabic Zargon (golden in colour) which in turn comes from 
the two Persian words Zar (Gold) and Gun (Colour). Zirconia, the metal dioxide (ZrO2), 
was identified as such in 1789 by the German chemist Martin Heinrich Klaproth in the 
reaction product obtained after heating some gems, and was used for a long time 
blended with rare earth oxides as pigment for ceramics
[5]
.Zirconia is a bio-inert ceramic 
material with high mechanical properties and fracture toughness.  
 
The R&D on zirconia as a biomaterial was started in the late sixties. The first paper 
concerning biomedical application of zirconia was published in 1969 by Helmer and 
Driskell
[6]
, while the first paper concerning the use of zirconia to manufacture ball 
heads for Total Hip Replacements (THR), which is the current main application of this 
ceramic biomaterial, was introduced by Christel et al
 [7]
. 
 
Though zirconia has been available for use in restorative dentistry for several years, 
there has been an increased interest recently in these materials. Zirconia based 
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Abstract      
                         
The demand for metal free restorations in dental practice has increased  mainly due to the 
strong esthetic demand and concern about metallic hypersensitivity. Zirconia as a bio-material 
has advantages over other ceramics because of its high mechanical strength and fracture 
toughness. These advantages are due to the transformation toughening mechanisms operating 
in their microstructure that can be manifested in components made out of them. The present 
article showcases the material properties and fabrication of zirconia and highlights on the 
biological safety and clinical implications. 
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heads for Total Hip Replacements (THR), which is the 
current main application of this ceramic biomaterial, was 
introduced by Christel et al
 [7]
. 
 
Though zirconia has been available for use in restorative 
dentistry for several years, there has been an increased 
interest recently in these materials. Zirconia based 
restorations are quite versatile and can be used for 
crowns, bridges, and implant abutments in a variety of 
clinical situations.  
 
Zirconia is produced from naturally occurring zirconium 
silicate (zircon, ZrSiO4) or baddeleyite (monoclinic m-
ZrO2). It is said that very small traces of radioelements, 
which can be found in fully refined zirconia ceramics, 
have a negative effect on organs and tissues. This indeed 
was a major concern in the past. This hampered of the 
development of otherwise mechanically superior zirconia 
ceramics for biomedical applications. Novel processing 
routes, however, has decreased the content of 
potentially dangerous radioactivity down to virtually 
zero
.[8,9] 
Three main types of zirconia are available for use in 
clinical dentistry. Though they are chemically identical, 
they have slightly different physical properties (eg, 
porosity, density, purity, strength), which may (or may 
not) be clinically relevant.  
 
There is the fully sintered or HIP type of zirconia. HIP 
stands for "hot isostatic pressing,"and is a sintering 
technique used in the ceramic industry that utilizes high 
temperatures and pressures to increase density of the 
material. The second type is a partially sintered 
zirconia(PSZ), and the third type is nonsintered or "green 
state" zirconia. Due to the similar manufacturing and 
fabricating processes, both of these types are considered 
together (partially sintered or non-HIP zirconia). Blocks 
of these types of materials are manufactured by utilizing 
a spray-dried zirconia powder that is then isostatically 
pressed and incompletely sintered.These materials 
remain softer than the HIP zirconia and are easier to mill. 
After milling, the zirconia is then sintered completely in a 
furnace at l,350°C to 1,500°C to achieve its final shape, 
strength, and physical properties(Table:1).
[10,11]
 
 
The type of zirconia commonly used in dentistry is yttria 
tetragonal zirconia polycrystal (Y-TZP) material, which is 
a zirconia oxide. Yttria (Y20 a) is an oxide of the metallic 
element yttrium (atomic No. 39).  
 
 
MICROSTRUCTURAL PROPERTIES 
 
Zirconia is a well-known polymorph that occurs in three 
forms: monoclinic (M), cubic (C) and tetragonal (T). 
 
Pure zirconia is monoclinic at room temperature. This 
phase is stable up to 1170°C. Above this temperature it 
transforms into tetragonal and then into cubic phase at 
2370°C. During cooling, a T - M transformation takes 
place in a temperature range of about 100°C below 
1070°C. The phase transformation taking place while 
cooling is associated with a volume expansion of 
approximately 3 - 4%. Stresses generated by the 
expansion originate cracks in pure zirconia ceramics that, 
after sintering in the range 1500 - 1700°C, break into 
pieces at room temperature. It was in 1929 that Ruff and 
coworkers showed the feasibility of the stabilisation of C-
phase to room temperature by adding to zirconia small 
amounts of CaO 
[12]
.  
 
The addition of “stabilising” oxides, like CaO, MgO, CeO2, 
Y2O3, to pure zirconia allows to generate multiphase 
materials known as Partially Stabilized Zirconia (PSZ) 
whose microstructure at room temperature generally 
consists of cubic zirconia as the major phase, with 
monoclinic and tetragonal zirconia precipitates as the 
minor phase. These precipitates may exist at grain 
boundaries or within the cubic matrix grains. In 1972 
Garvie and Nicholson showed that the mechanical 
strength of PSZ was improved by an homogeneous and 
fine distribution of the monoclinic phase within the cubic 
matrix 
[13]
. 
 
 
Process zone 
         
  Untransformed   Transformed    Transforming 
         particle           particle         particle 
 
 
Figure : 1.  A schematic representation of stress-
induced transformation toughening process. 
 
 
 
TRANSFORMATION TOUGHENING 
 
Toughening mechanisms which operate in many zirconia 
ceramics is the key issue for the use of these materials in 
structural and in biomedical applications. 
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The tetragonal metastable precipitates finely dispersed 
within the cubic matrix are able to transform into the 
monoclinic phase when the constraint exerted on them 
by the matrix is relieved. 
[12]
 
 
Zirconia has the monoclinic crystal structure between 
room temperature and about 950°C. Above 950°C 
zirconia converts to the tetragonal crystal structure. This 
transformation is accompanied by greater than one 
percent shrinkage during heating and equivalent 
expansion during cooling. At a much higher 
temperature, the zirconia changes from tetragonal to a 
cubic structure. With proper chemical additions and heat 
treatments, a microstructure can be achieved during 
cooling that consists of lens-shaped “precipitates” of 
tetragonal zirconia in cubic grains of zirconia. Normally, 
the tetragonal material would transform to the 
monoclinic form during cooling, but it must expand to 
do so. The high strength of the surrounding cubic 
zirconia prevents this expansion, so the tetragonal form 
is retained all the way down to room temperature. As a 
result, each tetragonal zirconia precipitate is under stress 
and full of energy that wants to be released, sort of like a 
balloon that has been stuffed into a box that is too small. 
As soon as the box is opened, the balloon is allowed to 
expand to its equilibrium condition and protrude from 
the box. The same thing happens for each tetragonal 
precipitate if a crack tries to form if someone tries to 
break the ceramic. The crack is analogous to opening the 
box. Tetragonal precipitates next to the crack are now 
able to expand and transform back to their stable 
monoclinic form. This expansion adjacent to the crack 
presses against the crack and stops it. This is the 
mechanism of transformation toughening. It is similar to 
the toughening mechanism in some forms of steel, so 
the TTZ has sometimes been called “ceramic steel.” 
[14, 15, 
16]
 
Transformation toughening (Figure: 1) is an important 
indication of a material's clinical reliability. Clinically, 
non-fatal cracks (cracks that develop in the zirconia but 
do not result in complete fracture or failure of the 
restoration) form from cyclic fatigue, which can lead to 
failure of the restoration if the cracks propagate. 
Zirconia's fracture toughness is almost twice as high all 
that of aluminum oxide ceramics. In addition, without 
any glass matrix, zirconia oxide materials are generally 
stronger and offer more resistance to cracking than 
other ceramic
[17]
 
The development of such tetragonal metastable 
precipitates may be obtained by the addition of some 
8% mol of MgO to ZrO2. This allows the formation a fully 
cubic microstructure at 1800°C, and the nucleation 
within the matrix of a tetragonal metastable phase, 
during controlled cooling and ageing. 
 
TZP materials, containing approximately 2 - 3% mol 
Y2O3, are completely constituted by tetragonal grains 
with sizes of the order of hundreds of nanometers. The 
fraction of T-phase retained at room temperature is 
dependent on the size of grains, on the yttria content, on 
the grade of constraint exerted on them by the matrix. 
Mechanical properties of TZP ceramics depend on such 
parameters.
[18]
 
                                           
Table  1 : Physical properties 
                  Property                TZP material 
Color    White  
Density (gm
-3
)     >6 
Porosity (%)     <0.1 
Young’s Modulus (GPa)     150-200 
Compression strength 
(MPa) 
    2000 
Fracture toughness (KlC)     7-10 
Bending strength (MPa)     900-1200 
Hardness (HV 0.1)     1200 
Thermal conductivity 
(WmK
-1
) 
    2 
Coefficient of thermal 
expansion (K
-1
) 
  11 × 10
-6
 
 
 
 
Table  2: The commercial examples of different 
types of CAD/CAM- based fabrication of zirconium 
oxide substructure 
Type of 
ZrO2 blocks 
Milling 
procedure 
 
Advantages  Commercial 
examples 
 
Green 
stage 
 
 
 
 
 
Presintered 
 
 
 
 
 
 
Completely 
sintered  
Dry 
carbide 
burs 
 
 
 
 
Carbide 
burs 
under 
coolant 
 
 
 
Diamond 
burs 
under 
coolant 
Less time 
for milling. 
Less flaws. 
Post milling 
sintering at 
1500°c. 
 
Less time 
for milling. 
Less flaws. 
Post milling 
sintering at 
1500°c. 
 
More time 
for milling. 
Expensive. 
No 
sintering 
shrinkage. 
Cercon base, 
Cercon. 
Lava Frame, 
Lava. 
 
 
 
In-ceram YZ 
Cubes, Cerec. 
InLab.ZS-
blanks,Everest. 
 
 
 
ZS 
blanks,Everest 
Hint-ELs 
Zirkon TZP-
HIP. 
DigiDent. 
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FABRICATION  
 
Y-TZP based zirconium frameworks for crowns or FPDs 
are designed by advanced Computer Assisted Design 
(CAD) and special software provided by the 
manufacturers. This designing software is unique and 
differs among manufacturers. A special laser scanner 
scans the wax pattern and the data are transferred into 
the computer-aided manufacturing unit (CAM).This data 
is then utilized for milling the frame work from partially 
sintered Y-TZP blanks.
 [14]
 
 
When the partially sintered blanks are used, the sintering 
shrinkage of 20-25% has to be compensated by 
increasing the framework size to attain good marginal fit.
 
The system that uses fully sintered blank (HIP) takes 
longer time for milling due to increased hardness of 
blank. The CAD/CAM system use contact scanning or 
laser to record the details of the prepared tooth model. 
The precision fit of the prosthetic restoration is 
dependent on multiple factors such as manufacturing 
process, tooth preparation, impression and fabrication of 
the dental cast.
[14] 
 
The commercially available zirconium oxide frameworks 
(Table: 2) were primarly fabricated by the help of 
CAD/CAM controlled milling from industrially fabricated 
zirconium oxide blanks. The stages of sintering can be 
Presintered, Partially sintered and Fully sintered. The 
types of blanks used decide the method of milling to be 
employed during fabrication.
 [15]
 
 
BIOLOGICAL SAFETY 
 
Various studies, both in vitro and in vivo, had been 
conducted in the past to evaluate the biocompatibility of 
zirconia. No local or systemic adverse reactions 
correlatable to the material were detected, neither were 
cytotoxic effects directly correlatable to the presence of 
zirconia ceramics or precursors observed in spite of the 
variety of the materials tested and test methods used 
(different cell lines, animal models and implant sites).
 [19] 
 
CLINICAL IMPLICATIONS  
 
Considering zirconia's high strength, this material 
enables the clinician to place a ceramic restoration 
almost anywhere in the mouth. Single crowns, implant 
abutments, and bridges can be fabricated from zirconia. 
Zirconia is a semi translucent substance that is only 
slightly more opaque than dentin. By varying the 
thickness of the coping, the amount of opacity can be 
controlled. 
[20] 
Zirconia is radiopaque, enabling the 
clinician to detect more easily improper fit and marginal 
caries. 
[3]
 
 
POTENTIAL PROBLEMS 
 
Failure of dental materials can and does occur in clinical  
dental practice. All failures cannot be prevented, but the 
majority can be prevented if both proper material 
selection guidelines and usage recommendations are 
followed in regard to preparation, fabrication, and 
cementation.  
The potential problems that can occur with zirconia can 
be divided into 3 categories :  
 
•  substructure failure.  
• failure of the bond at the interface between the      
            zirconia and the layering porcelain. 
• breakage and chipping of the porcelain veneer.  
 
Due to the lack of long term clinical studies, it is difficult 
to report on the failure rate of zirconia. Anecdotal 
evidence and limited, short term clinical studies suggest 
that the material is clinically acceptable.  
 
One property of zirconium oxide that has not been well 
studied is the phenomenon of low-temperature 
degradation or "aging". This is due to the progressive 
spontaneous transformation of the metastable 
tetragonal phase into the monoclinic phase. This 
behaviour is well known in the temperature range above 
200°C in the presence of water vapour. Water and 
nonaqueous solvents are involved in formation of 
zirconia hydroxides along a crack. This process 
accelerates expansion of the fracture and can result in 
reduced strength, toughness, and density, leading to 
failure of the restoration.
 [16, 17]
 
 
CONCLUSION 
 
A combination of superior physical properties, 
biocompatibility and excellent esthetics make TZP 
popular among the contemporary all-ceramic materials. 
The high technology CAD/CAM method used for the 
design and production impart consistent quality, 
superior marginal fit and can satisfy the critical esthetic 
needs of the patients.
 [14]
 Advances in restorative 
dentistry is seldom the procedure or technique to 
replace or strengthen the tooth, but is the addition of 
new materials in the restorative armamentarium. Though 
zirconia is the most sought after material today in 
restorative world, its existence is only till its better 
version or next generation material takes its place. 
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